- \ 



CO 
CD 



(19) 



JEui 
- 
OH 



ropdisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP1 016 801 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

05.07.2000 Bulletin 2000/27 

(21) Application number: 99929868.0 

(22) Date of filing: 1 5.07.1 999 



(51) IntCI 7 : F16D 1/06 

(86) International application number: 
PCT/JP99/03840 

(87) International publication number: 

WO 00/05514 (03.02.2000 Gazette 2000/05) 



(84) Designated Contracting States: 

AT CH CY DE DK ES Fl FR GB GR IE IT LI LU MC 
NL PT SE 

(30) Priority: 22.07.1998 J P 20677398 

(71) Applicant: NTN CORPORATION 
Osaka-shi Osaka 550-0003 (JP) 

(72) Inventors: 

• MAKJNO, Hiroaki 

Shuchi-gun, Shlzuoka 437-0207 (JP) 

• MURAMATSU, Kazuhiro 
Fukuroi-shi, Shizuoka 437-0125 (JP) 



(54) POWER TRANSMISSION MECHANISM 

(57) A shaft member (1) and an outer periphery 
member (2) disposed on the outer periphery of the shaft 
member (1) are joined together by a spline (3) where a 
tooth (31) on the shaft member (1) and a tooth (32) on 
the outer periphery member (2) are fitted together. On 
one axial end side of the spline (3), the trough (31a) of 
the tooth (31) of the shaft member (1) is diametrically 
increased to form a diameter-increased region (S1), 
and provided in this diameter-increased region (S1) is a 
fitting portion (F) for the tooth (31) of the shaft member 
(1 ) and the tooth (32) of the outer periphery member (2). 



• YOSHIDA, Kazuhiko 
Fukuroi-shl, Shizuoka 437-0021 (JP) 

• WAKITA, Akira 

Iwata-shi, Shizuoka 438-0037 (JP) 

• IKEI, Katsuyuki 

Fukuroi-shi, Shizuoka 437-0017 (JP) 

• KURA, Hisaaki 

Iwata-shi, Shizuoka 438-0072 (JP) 

(74) Representative: 
Hillier, Peter et al 
Reginald W. Barker & Co., 
Cliffords Inn 
Fetter Lane 

London EC4A1BY (GB) 



FIG- 1 



/ ■ ■ 1 mi m j Mm » 3 J 


, T 
1a 










S2 , 




— *- — 
.S1. 


\ 1b 



Q. 

LLI 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



1 



EP 1 016 801 A1 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a power 
transmission mechanism for transmission of torque 
between two members. 

[0002] Transmission shafts for transmission of 
power (torque or rotation) are used in many machine 
parts in automobiles and industrial machines. Some 
shafts are solid and others hollow, these being pro- 
duced by direct cutting or plastic working of bar or pipe 
material or, in recent years, by the sintering of powder. 
[0003] Spline shafts or sewated shafts for transmis- 
sion of high torque are generally formed by subjecting 
medium carbon steel or low alloy steel (case hardening 
steel, nitrided steel or the like) to a heat treatment, such 
as surface hardening process or tempering, for exam- 
ple, carburizatidn hardening, high frequency hardening 
or nitriding, so as to increase the shaft strength in con- 
sideration of plastic workability, machinability and cost it 
being only after such treatment that these shafts are put 
to use. Further, recently, use has been made of non- 
ref ine steel to dispense with refining, or a material sub- 
jected to high alloying or high purifying (reduction of 
inclusions, reduction of P, etc.) to increase strength, or a 
material subjected to shot peening to increase fatigue 
strength. 

[0004] Fig. 5 shows an example of a machine part 
having said transmission shaft, which is a constant 
velocity joint used in the drive shaft of an automobile. 
This constant velocity joint includes a shaft member 1 1 
having an inner ring 12 fitted thereon through splines 13 
formed on the outer periphery of said shaft member 1 1 , 
the torque in the shaft member 1 1 being transmitted to 
the inner ring 12 through the groove-and-ridge fit of the 
splines 13. 

[0005] In this connection, there are various types as 
to the shaft of the spline terminal end side (C in the fig- 
ure) of the shaft member 11 — the "terminal end side" 
means the opposite side when the shaft end surface 
which, when the shaft member 11 is inserted in the 
inner ring 12, is the first to fit in the inner ring 12 is taken 
as the inlet side. Figs. 6 through 9 show examples 
thereof, Fig. 6 showing a first type (tentatively referred 
to as the "cut-through type") in which the spline trough 
11a of the spline 13 is directly cut through the outer 
peripheral surface of the shaft member 11. Figs. 7 
through 9 showing a second type (tentatively referred to 
as the "cut-up type") in which the spline trough 1 1a is 
smoothly diametrically increased until it connects to the 
outer peripheral surface of the shaft member 1 1 . Differ- 
ent forms of the cut-up type are known: one in which the 
diametrical increase is effected by an arc with a radius 
R1 (Fig. 7), one in which the diametrical increase is 
effected by an arc with a greater radius R2 than in Fig. 
7 (R2 > R1) (see Fig. 8). and one in which the diametri- 
cal increase takes a spherical form with a radius SR 



(see Fig. 9). 

[0006] Fig. 10 shows a conventional fit between 
said shaft member 1 1 and inner ring 12, wherein a relief 
region T where the inner diameter is increased is 

5 defined in the inner ring 12 on the terminal end side of 
the spline ridge 12b, and the portion of the ridge 12b 
excluding the relief region T is fitted in the portion of the 
trough 11a excluding the diametrically increased region 
S' of the shaft member 1 1 , it being arranged that such 

10 fitting portion P (marked with dots) does not enter the 
diametrically increased region S' of the trough 11a of 
the shaft member 1 1 . 

[0007] In recent years, with the global environmen- 
tal problem being highlighted, it has been required in the 

15 automobile industry to tighten emission control and 
improve fuel efficiency and as a measure therefor, light- 
ening has been promoted. In automobiles, spines and 
serrations (hereinafter represented by the term spine 
shaft) have been used abundantly in such pads as 

20 transmissions, differentials, drive shafts, and propeller 
shafts, it being noted that since the reduction of the 
weight of the spline shaft contributes much to the light- 
ening of the automobile, there has been a strong need 
to increase the spline shaft strength, i.e., to increase the 

25 strength in two aspect: static strength and fatigue 
strength. 

[0008] As for the measures for strengthening and 
lightening the spline shaft, the aforesaid high alloying or 
high purifying may be contemplated, but these would 

so not be advantageous from the viewpoint of production 
cost since they are attended by an increase in the cost 
of material or a large decrease in workability. Further, 
shot peening, though effective in improving the fatigue 
strength, is not observed to provide sufficient merits as 

35 to static strength; rather, it leads to high cost. 

[0009] A spline shaft whose terminal end is 
increased in diameter in a large arc form (Fig. 8) or in a 
spherical form (Fig. 9), though improved in static 
strength as compared with the type shown in Fig. 7, is 

40 not observed to provide sufficient merits in increasing 
the fatigue strength, as can be seen from the test results 
shown in Fig. 13. Further, since working tools (hob cut- 
ters, forging racks, etc.) have to be newly produced, a 
cost increase is incurred. On the other hand, the cut- 

45 through type shown hi Fig. 6 is not suitable for weight 
reduction measures, since it is inferior to the cut-up type 
shown in Fig. 7 in both static strength and fatigue 
strength, as is clear also from the experimental results 
shown in Fig. 12. 

so [001 0] As described above, the conventional meas- 
ures for weight reduction are confronted with problems 
in either cost or strength and there has been no meas- 
ure that has successfully satisfied both of the require- 
ments at one time. 

55 [0011] Accordingly, an object of the present inven- 
tion is to make it possible to achieve improvements in 
the static strength and fatigue strength of a spline shaft 
or serrated shaft without incurring an increase in costs. 
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SUMMARY OF THE INVENTION 

[0012] The boss of the inner ring was fitted on a 
spline shaft of the type shown in Fig. 7 whose troughs 
were diametrically increased by an arc (for the specif i- s 
cations of the spline shaft, see Fig. 14), and this assem- 
bly was put to torsion test to examine and analyze the 
fracture mode. As a result it was found that as shown in 
Fig. 1 1, the fracture comprised two main fracture planes 
A and B: a first fracture plane extending along the bot- io 
torn of the trough 1 1a of the shaft member 1 1 (A: axial 
fracture plane), and a second fracture plane inclined at 
an angle of 45° with respect to the axis (B: main stress 
fracture plane). It is believed that the axial fracture plane 
A is a shear fracture plane due to an axially-acting 75 
shearing force and that the main fracture plane B is a 
tensile fracture plane due to torsional main stress. 
[0013] Next, the fit position of the boss was axially 
stepwise shifted and the strength of the spline shaft was 
measured at each shifted position; the results shown in 20 
Fig. 15 (A) were obtained. The horizontal axis in this fig- 
ure represents the position X [mm] at which the boss is 
filled, and the left-hand vertical axis represents a ratio 
Yl of repetition till the occurrence of fatigue fracture (the 
load shear stress is set to ± 665 MPa [67.8 kgf/mm 2 ] 25 
and the right-hand vertical axis represents the rate of 
increase Y2 [%] in torsional break strength. The X on 
the horizontal axis, as shown in (B) of the same figure, 
indicates the distance from the terminal end 1 1 a1 of the 
trough 11a of the shaft member 11 to the point (•) 30 
where the terminal end outline 12b1 of the ridge 12b of 
the boss 12 crosses the outer periphery level L of the 
shaft member 11. Measurements were conducted at 
positions X = a, b, • • • e. the repetition ratio Yl and 
rate of increase Y2 being determined with the position a 35 
(X = 6 mm) used as a reference (Yl = 1 , Y2 = 0). Fur- 
ther, (2), (4), (6), (10), and (12) in Fig. 15 (A) indicate 
axial shear crack lengths [mm]. 

[0014] It is seen from Fig. 15 (A) that the more the 
fit position of the boss is shifted toward the terminal end 40 
(left-hand side of the figure) of the shaft member 1 1 , the 
more the axial shear fracture plane (axial shear crack) 
decreases, thus increasing the strength. The reason, as 
it is believed, is that the portion of the spline (non-fit por- 
tion) which is not fitted to the boss during the torsion test 45 
is locally twisted and that if the length of the non-fit por- 
tion is decreased, the local twist decreases and so does 
the shear stress acting on the trough of the shaft in the 
non-fit portion. 

[0015] It is seen from Fig. 15 (A) that the static so 
strength and fatigue strength sharply increase after the 
boss has reached a particular fit-position which is 
immediately in front of the terminal end of the spline 
shalt. The critical position where the fatigue strength 
sharply increases lies in a region between the points b ss 
and c in (B) of the same figure, said region roughly coin- 
cides with the position where the terminal end rise por- 
tion 1 2b1 of the ridge 1 2b of the boss starts to cross the 



diametrically increased region S' of the trough 11a of 
the shaft member 1 1 (the position where the rise portion 
12b1 of the ridge 12b starts to fit in the trough 1 la in the 
diametrically increased region S'). 
[0016] It is believed that the reason is that in addi- 
tion to the decrease in the shear stress in the tooth bot- 
tom of the non-fit region described above, in the 
diametrically increased region S' the trough 1 1a is dia- 
metrically increased, resulting in the tooth bottom being 
diametrically increased, so that the stress in this portion 
is decreased. 

[001 7] The present invention, which is based on the 
view described above, is intended to provide a power 
transmission mechanism wherein a shaft member and 
an outer peripheral member disposed on the outer 
periphery of said shaft member are connected for 
mutual torque transmission by a fit between the teeth of 
the shaft member and the teeth of the outer peripheral 
member and the "troughs* of the teeth of the shaft mem- 
ber are increased in diameter at least at one axial end, 
said power transmission mechanism being character- 
ized in that in the diametrically increased regions of said 
troughs, there are fit regions for the teeth of the shaft 
member and the teeth of the outer peripheral member. 
In this case, the shaft member and the outer peripheral 
member are connected by spines or serrations. 
[0018] In the diametrically increased region of said 
trough, if the trough in the tooth of the shaft member is 
kept in contact with the ridge of the tooth of the outer 
peripheral member, then the fit region is provided with a 
sufficient area to greatly increase the strength. In this 
case, if an arcuate chamfer is provided on the ridge of 
the tooth of the outer peripheral member in contact with 
the trough in the tooth of the shaft member, it is possible 
to bring the two in surface contact with each other in the 
diametrically increased region, and the increased area 
of the fit region provides a further increase in strength. 
[0019] Further, the ridges of the teeth of the outer 
peripheral member may be brought into contact with the 
large diameter end (the terminal end) of the diametri- 
cally increased region of said trough, thereby providing 
a sufficient area for the fit region, achieving a large 
increase in the shaft strength. In this case, it is prefera- 
ble to provide a restricting means for preventing the 
outer peripheral member from moving toward the other 
axial end to serve as a means for preventing the rattling 
of the outer peripheral member. 
[0020] Such restricting means may be composed of 
a forcing means for forcing the outer peripheral member 
toward one axial end or a pressing means by which the 
teeth of the shaft member and the teeth of the outer 
peripheral member are circumferentially pressed 
against each other. 

[0021] As described above, according to the inven- 
tion, it is possible to greatly increase the static strength 
and fatigue strength of a spline shaft or serrated shaft. 
Furthermore, there are no such drawbacks as 
decreased workability and increase in costs, as in the 
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case of using high alloy steel or highly purified steel, nor 
is there a marked increase in facility introducing cost as 
in the case of shot peening. Thus, reduction in the cost 
and weight of the spline shaft is made possible and in 
the present invention it is possible to achieve, for exam- 5 
pie, a 12% reduction in weight since a 19% increase in 
strength can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0022] 

Fig. 1 is an axial section of a power transmission 
mechanism according to the invention; 
Fig. 2 is an axial section showing another embodi- is 
ment of the invention; 

Fig. 3 is an axial section showing another embodi- 
ment of the invention; 

Fig. 4 (A) is a table showing the effect of the surface 
hardness on the torsional strength and fatigue 20 
strength, and (B) is a table showing experimental 
data about the effect of the hardening depth (hard- 
ening ratio) on the torsional strength and fatigue 
strength; 

Fig. 5 is an axial section of a constant velocity joint 25 

having a power transmission mechanism; 

Fig. 6 is an axial section showing an example of the 

shape of the terminal end (C in Fig. 5) of a spline 

shaft; 

Fig. 7 is an axial section showing an example of the 30 
shape of the terminal end (C in Fig. 5) of a spline 
shaft; 

Fig. 8 is an axial section showing an example of the 
shape of the terminal end (C in Fig. 5) of a spline 
shaft; 35 
Fig. 9 is an axial section showing an example of the 
shape of the terminal end (C in Fig. 5) of a spline 
shaft; 

Fig. 10 is an axial section of a conventional power 
transmission mechanism; 40 
Fig. 1 1 is a section showing the torsional fracture 
mode of a spline shaft; 

Fig. 12 is a table showing strength comparison data 
on the spline shafts shown in Figs. 6 and 7; 
Fig. 13 is a table showing strength comparison data 45 
on the types shown in Figs. 7, 8 and 9; 
Fig. 1 4 is a table showing the specifications of sam- 
ples used to test a spline shaft for torsional 
strength; and 

Fig. 15 (A) is a graph showing the results of tor- so 
sional strength tests, and Fig. 15 (B) is an enlarged 
section of a power transmission mechanism for 
explaining Fig. 15 (A); 

Fig. 16 is an axial section showing another embod- 
iment of the invention; 55 
Fig. 1 7 is an axial section showing another embod- 
iment of the invention; 

Fig. 18 is an axial section showing the fixing con- 



struction of an outer peripheral member; 

Fig. 19 is an axial section showing a restricting 

means; 

Fig. 20 is an axial section showing a restricting 
means; 

Fig. 21 is an axial section showing a restricting 
means; and 

Fig. 22 is a circumferential section showing a 
restricting means. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0023] An embodiment of the invention will now be 
described with reference to Figs. 1 through 22. 
[0024] As shown in Fig. 1, a power transmission 
mechanism according to the present invention com- 
prises a shaft member 1 and an outer peripheral mem- 
ber 2, such as a boss, disposed on the outer periphery 
of the shaft member 1, said members being joined 
together by splines 3 (or serrations) through which the 
teeth 31 of the shaft member 1 and the teeth 32 of the 
outer peripheral member 2 are fitted together. The teeth 

31 and 32 extend axially. 

[0025] Of a trough 31a and a ridge 31 b in a tooth 31 
formed on the outer periphery of the shaft member 1 , 
the terminal end (right-hand side in Fig. 1) of the trough 
31a has a diametrically increased region S1 which is 
smoothly diametrically increased by an arc, and at the 
terminal end of said diametrically increased region S1, 
the trough 31a connects to the outer peripheral surface 
of the plain portion 1 a (formed adjacent the terminal end 
of the serration 3) of the shaft member 1 . On the other 
hand, the terminal end of the ridge 31b of the shaft 
member 1 is slightly diametrically decreased and con- 
nects to the outer peripheral surface of the plain portion 
1a of the shaft member 1 at the same place as the ter- 
minal end 31a1 of the trough 31a. From the viewpoint of 
the strength of the shaft member 1, it is desirable that 
the outer diameter of the plain portion 1a be equal or 
approximately equal to the outer diameter of the ridge 
31b of the shaft member 1. The trough 31a in the dia- 
metrically increased region S1, which is formed by an 
arc alone, may be formed by a combination of an arc 
and a straight tine (the arc being disposed at the inlet 
side), as shown in Fig. 2. 

[0026] The outer peripheral member 2 is positioned 
relative to the shaft member 1 in that the inner diametri- 
cal end of the terminal side abuts against a shoulder 1b 
formed on the outer periphery of the shaft member 1 
and in that the inner diametrical end of the inlet side 
(left-hand side in the figure) is locked by a stop ring (14: 
see Fig. 5). Of a trough 32a and a ridge 32b in a tooth 

32 (indicated by hatching) formed on the inner periph- 
ery of the outer peripheral member 2, the trough 32a is 
formed straight to the terminal end of the outer periph- 
eral member 2 with the same diameter maintained. On 
the other hand, the terminal end of the ridge 32b leads 
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to a relief region T having a greater inner diameter than 
at the inlet side via an inclined rise portion 32b 1 . The 
inner diameter of the relief region T is greater than the 
outer diameter of the plain portion 1a of the shaft mem- 
ber 1 but smaller than the outer diameter of a shoulder 
portion 1b of the shaft member 1 . 
[0027] In the present invention, the fit region F 
(marked with dots) for the tooth 31 of the shaft member 

1 and the tooth 32 of the outer peripheral member 2 is 
defined not only in the spline effective region S2 (which 
refers to the trough excluding the diametrically 
increased region S1) but also in the diametrically 
increased region S1 . so as to allow both teeth 31 and 32 
to circumferentially contact each other in the diametri- 
cally increased region S1. This is sharply contrasted 
with the conventional article shown in Fig. 10 in which 
the fit region P is defined excluding the diametrically 
increased region S' of the trough 31a. 

[0028] Such arrangement makes it possible to 
increase the static strength and fatigue strength of the 
shaft member 1 for the reason described above. To 
increase strength, the position in which the outer 
peripheral member 2 is fitted on the shaft member 1 
should be as close to the terminal end as possible and 
therefore it is preferable that, as shown in Fig. 1, the 
trough 31a in the tooth 31 of the shaft member 1 and the 
ridge 32b of the tooth 32 of the outer peripheral member 

2 be in contact with each other in the diametrically 
increased region S1 . In this case, as shown in Fig. 3, if 
an arcuate chamfer (radius r) is provided on the rise 
portion 32b1 of the ridge 32b of the outer peripheral 
member 2 in contact with the trough 31a, a further 
increase in strength due to an increase in the area of the 
fit region F is obtained. 

[0029] It is preferable to subject the shaft member 1 
to a surface hardening treatment e.g., high frequency 
hardening. In that case, the higher the surface hard- 
ness, the more desirable, as is apparent from Fig. 4 (A), 
and it is preferable to aim at the highest hardness for the 
material to be used. As for the hardening depth, it is 
preferable to aim at 0.5 or thereabouts in terms of the 
hardening ratio (the depth till the effective depth / shaft 
radius) (see Fig. 4 (B)). 

[0030] Besides this, shot peering may be applied to 
the shaft member 1 to further increase the fatigue 
strength or the existing measures for increased strength 
may be taken; for example, the diametrically increased 
region S of the trough 31a may be formed by a large arc 
as shown in Fig. 8 or the trough 31a of the diametrically 
increased region S may be spherically formed as shown 
in Fig. 9. 

[0031] Fig. 16 shows an example in which, in the 
tooth 31 of the shaft member 1, the terminal end (large 
end) 31 a1 of the diametrically increased region S1 of 
the trough 31a is in contact with the ridge 32b of the 
tooth 32 of the outer peripheral member 2, particularly 
the rise portion 32b1 , in taper form, at the terminal end, 
thus increasing the strength (static and fatigue strength) 



of the shaft member 1 in the same manner as in Fig. 1 . 
Fig. 17 shows an arrangement wherein in the tooth 32 
of the outer peripheral member 2, the rise portion 32b1 
at the terminal end of the ridge 32b is formed with an 

5 arcuate chamfer aid the curvature r of the chamfer is 
made greater than the curvature R of the diametrically 
increased region S1 of the trough 31 to bring the rise 
portion 32b1 into contact with the terminal end 31a1 of 
the trough 31a in the same manner as in Fig. 16. In 

w either case, the contact between the rise portion 32b 1 
and the terminal end 31a1 results in the outer peripheral 
member 2 being positioned at the axial terminal end, 
thus preventing the outer peripheral member 2 and the 
shoulder 1b of the shaft member 1 from contacting each 

15 other. 

[0032] As described above, the outer peripheral 
member 2 is fixed with respect to the shaft member 1 by 
locking the inner diameter end at the inlet by a stop ring 
14. In this case, owing to errors in processing or the like, 

20 a clearance 15 could be produced between the inner 
diameter end at the inlet of the outer peripheral member 
2 and the stop ring 14, as shown in Fig. 18, sometimes 
causing the outer peripheral member 2 to rattle axially. 
Such rattling would make it impossible to hold the rela- 
ys tion X s= 0 in the construction shown in Figs. 16 and 17, 
causing a variation in shaft strength. 
[0033] To avoid this, it is preferable, as shown in 
Figs. 19 - 22, to provide restricting means 16a. 16b 
between the shaft member 1 and the outer peripheral 

30 member 2 for preventing the outer peripheral member 2 
from moving toward the other axial end (toward the 
inlet). The restricting means 16a, 16b may be com- 
posed of a forcing means 16a for forcing the outer 
peripheral member 2 toward one axial end (terminal 

35 end) and a pressing means 16b for circumferentially 
pressing the tooth 31 of the shaft member 1 and the 
tooth 32 of the outer peripheral member 2 against each 
other. Figs. 19-21 show examples of the forcing means 
16a; Fig. 19 shows a construction (double clip system) 

40 in which two stop rings 14a, 14b are disposed in the 
pressed state, with one stop ring 14a serving to prevent 
slip-off of the outer peripheral member 2, with the other 
stop ring 14b serving to prevent the shaft member 1 and 
outer peripheral member 2 from rattling; Figs. 20 and 21 

45 show a construction in which the stop ring 14 is 
replaced by elastic members 17a, 17b in the com- 
pressed state (Fig. 20 showing a coil spring system 
using a cod spring 17a, Fig. 21 showing a waved 
washer system using a waved washer 17b). the elastic 

so force thereof being used to apply a preload on the outer 
peripheral member 2 that is axially directed toward the 
terminal end. As said pressing means 16b, there may 
be thought of a construction in which as shown in Fig. 
22, for example, the tooth 31 , 32 of the shaft member 1 

55 or outer peripheral member 2 is provided with a twist 
angle 6 (which is shown in exaggeration, the figure 
showing a case where the ridge 32b of the tooth 32 of 
the outer peripheral member 2 is provided with a twist 
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angle 6) and the shaft member 1 is force-fitted into the 
outer peripheral member 2 until X = 0. 
[0034] The restricting means 16a, 16b, as shown in 
Figs. 1 and 3. may be likewise applied when the trough 
31 a of the tooth 31 of the shaft member 1 and the ridge s 
32b of the tooth 32 of the outer peripheral member 2 are 
contacted with each other in the diametrically increased 
region S1 (in this case, the outer peripheral member 2 
and the shoulder lb of the shaft member 1 may be pre- 
vented from contacting each other in the same manner w 
as in Figs. 16 and 17). 

Claims 

1 . A power transmission mechanism wherein a shaft is 
member and an outer peripheral member disposed 

on tie outer periphery of said shaft member are 
connected for mutual torque transmission by a fit 
between the teeth of the shaft member and the 
teeth of the outer peripheral member, and troughs 20 
in the teeth of the shaft member are diametrically 
increased at least at one axial end, said power 
transmission mechanism being characterized in 
that in the diametrically increased regions of said 
troughs, there are fit regions for the teeth of the 25 
shaft member and the teeth of the outer peripheral 
member. 

2. A power transmission mechanism as set forth in 
Claim 1, wherein said fit portion is located radially 30 
inward of the outer periphery level of the shaft 
member. 

3. A power transmission mechanism as set forth in 
Claim 1 or 2, wherein in the diametrically increased 35 
region of said trough, the trough in the tooth of the 
shaft member and the ridge of the tooth of the outer 
peripheral member are brought into contact with 
each other. 

40 

4. A power transmission mechanism as set forth in 
Claim 3, wherein the ridge of the tooth of the outer 
peripheral member which is in contact with the 
trough in the tooth of the shaft member is provided 
with an arcuate chamfer. 45 

5. A power transmission mechanism as set forth in 
Claim 1, wherein the ridge of the tooth of the outer 
peripheral member is brought into contact with the 
large diameter end of the diametrically increased so 
region of said trough. 

6. A power transmission mechanism as set forth in 
Claim 3 or 5, including a restricting means for pre- 
venting the outer peripheral member from moving 55 
toward the other axial end. 

7. A power transmission mechanism as set forth in 



Claim 6, wherein the restricting means is com- 
posed of a forcing means for forcing the outer 
peripheral member toward one axial end. 

8. A power transmission mechanism as set forth in 
Claim 6, wherein the restricting means is com- 
posed of a pressing means for circumferentially 
pressing the tooth of the shaft member and the 

tooth of the outer peripheral member against each > 
other. 

9. A power transmission mechanism as set forth in 
any one of Claims 1 through 8, wherein the shaft 
member and the outer peripheral member are con- 
nected together by splines or serrations. 
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Characteristics 


Surface hardness 


HRc42 


HRc52 


HRc59 


Torsional strength 


Reference 


33% increase 


1 7% increase 


Number of cycles 

till fatigue 
fracture occurs 


Reference 


3.6 times 


12.8 times 



FIG.4(B) 



Characteristics 




Hardening ratio 


025 


0.35 


0.45 


0.55 


0.65 


Torsional strength 


Reference 


9% increase 


17% increase 


16% increase 


16% increase 


Number of cycles till 
fatigue fracture 
occurs 


Reference 


1.92 times 


2.13 times 


1.73 times 


1.16 times 
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FIG.5 
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FIG.7 
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FIG.10 
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FIG.12 



Characteristics 


Type 


Fig.6 type 


Fig.7 type 


Torsional strength 


Reference 


1 1 .5% increase 


Number of cycles 

till fatigue 
fracture occurs 


Reference 


2.7 times 



Load shear stress in fatigue test; 
±665Mpa (67.8kgffmm 2 ) 



FIG.13 



Characteristics 


Type 


FiG.7 type 


Fig.8 type 


Fig.9 type 


Torsional strength 


Reference 


1 7% increase 


1 3% increase 


Number of cycles 

till fatigue 
fracture occurs 


Reference 


Same as the 
reference 


Same as the 
reference 



Load shear stress in fatigue test; 
±665Mpa (67.8kgffmm 2 ) 
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FIG.14 



Specification 


Parts 


Shaft 


Boss 


DP 


32/64 


32/64 


Pressure angle 


37.5° 


37.5° 


Number of teeth 


26 


26 


PCD 


20.638 


20.638 


Large diameter 


21.438 


21.858 


Small diameter 


19.357 


20.015 



Boss; SCR420 steel, carburized and tempered 

Shaft: S40C steel, induction-hardening and 
tempered, surface hardness; HRc58, 
hardening ratio; 0.40 
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FIG. 16 
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FIG.20 



FIG.21 
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FIG.22 
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